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Introduction
Immune responses, including those to allergens [1] , may be Th2 skewed in newborns [2, 3] . Interleukin-12 [4] and IFN-α [5] , produced by microbially stimulated antigen presenting cells, are the major inducers of T cell IFN-γ production. Th1 stimulating factors, e g from microbes, may be needed to redress and regulate the foetal Th1/Th2 imbalance.
The prevalence and severity of atopic diseases have increased in industrialised countries during the last decades [6] [7] [8] . Factors associated with a Western life style, e g a decreased overall exposure to microbial stimulation [9] , may be associated with this increase, as several studies show a low prevalence of allergy among children in the formerly socialist countries of Europe with a life style similar to that prevailing in Western Europe 30-40 years ago [10] [11] [12] .
Certain environments may provide heavy continuous external microbial exposure for redressing the foetal Th1/Th2 imbalance. Studies from Switzerland [13] , Austria [14] , Finland [15] , Germany [16] and Canada [17] show that living on a farm during early childhood, particularly during the first year of life [18] , is associated with a reduced prevalence of atopic disease. Among farmers' children, regular contact to livestock and poultry decreased the risk of atopic disease. Higher levels of IL-12 inducing endotoxin, the lipopolysaccharide component of the outer membrane of gram negative bacteria [19] , were found in house dust from farming families than from non-farming families [20] . Thus, it was hypothesised that exposure to endotoxin during early life may stimulate the Th1 maturation and thus protect against the development of atopic disease [16] . In a recent rat study, endotoxin inhalation during primary allergen exposure in the presence of a Th2 promoting adjuvant prevented allergic sensitisation, whereas inhalation of endotoxin after sensitisation had occurred aggravated the inflammatory airway responses [21] . Furthermore, the negative association between development of atopic disease and early childhood exposure to pets shown in retrospective [22] [23] [24] and prospective [25] studies, has been suggested to be caused by increased microbial exposure secondary to pet keeping exposure rather than high dose tolerance induction. Interestingly, a recent cross-sectional study showed that exposure to low levels of endotoxin in house dust was associated with skin prick test reactivity in wheezing American children from families with a low socio-economic status [26] . Furthermore, the risk of developing atopic eczema was lower during the first six months, but not during the first year, of life in German infants exposed to high endotoxin levels [27] . No skin prick test or IgE data were reported in that study, however.
The aim of this prospective study was to relate the endotoxin levels in house dust from two countries with a low (Estonia) and a high (Sweden) prevalence of allergy to the development of atopic disease and sensitisation in the children during the first two years of life. Two dust samples were collected from each household, one from a carpet and one from the child's mattress. In Estonia, the samples were collected by study staff, as 
Material and Methods
Subjects
Endotoxin analysis
All extractions and endotoxin analyses were done under sterile conditions in Sweden. The dust was extracted with vigorous shaking for two hours in pyrogenfree glass test tubes (Bio Whittaker, Walkersville, Maryland, USA) with pyrogen-free Limulus Amebocyte Lysate (LAL) water (1 mL/100 mg dust) (Bio Whittaker, Walkersville, Maryland, USA) with 0.05% Tween-20 (Sigma-Aldrich, Stockholm, Sweden). After centrifugation, at 1000 x g for 10 minutes (Sigma 3E-1), the supernatants were stored in pyrogen-free test tubes at -20°C until analysis. Each sample was divided into two aliquots to avoid repeated thawing, which decreases the endotoxin levels.
The endotoxin levels were analysed with the same lot of a chromogenic LAL assay (QCL-1000®, Bio Whittaker) according to the manufacturer's instructions. Briefly, 50
µL aliquots from diluted (1:1000-1:100 000) samples were added to Costar 3595 microtiter-plates (Corning Incorporated, Corning, NY, USA), and assayed with the LAL reagents. Optical density (OD) was measured at 405 nm with an ELISA reader (Anthos ht II, Labdesign, Täby, Sweden). The endotoxin concentrations were calculated by referring the ODs of the samples to the ODs of a two-fold diluted standard calibration curve (0.05-2.00 Endotoxin Units (EU)/ml), included in the kit.
The lowest limit for quantitative determinations, for samples diluted 1:1000, was 50 EU/mL, corresponding to 0.50 EU/mg dust. Samples with levels below this limit were assigned the value 0.25 EU/mg. The intraassay variability was lower than 9% and the interassay variability was lower than 25%. The results were related to dust quantity and expressed as EU/mg dust.
To evaluate the influence of components from the dust on the analysis, known amounts (0.4 EU/ml) of endotoxin were added to some dust samples before analysis.
In addition to the endogenous endotoxin, 100 ± 28% of the exogenous endotoxin was detected if the samples were diluted 1:1000 or more.
Allergen analyses
The levels of cat (Fel d 1), dog (Can f 1) and Dermatophagoides farinae (Der f 1)
allergens were analysed by ELISA according to the instructions of the manufacturer (Indoor Biotechnologies, Cardiff, UK). All allergen analyses were done in Estonia.
The lowest limit for quantitative determinations was 4 ng/g dust for Fel d 1, 10 ng/g dust for Can f 1 and 4 ng/g dust for Der f 1.
Statistics
As the endotoxin levels were not normally distributed, even after log transformation, The levels of endotoxin were higher in dust from Estonian, as compared to Swedish, households, both in mattresses and carpets (fig 1) . Pets at home and fitted carpets were more common in the Estonian than in the Swedish families (table 1) . The families were larger in Estonia than in Sweden, while the dwelling space was smaller (table 1) . This did not explain the differences in endotoxin levels between the two countries, however, as neither presence of pets, fitted carpets, nor family size were related to the endotoxin levels. Dwelling space was weakly inversely related to house dust endotoxin levels in mattress (rho=-0.20, p<0.01) and in carpet (rho=-0.28, p<0.001). The correlation disappeared, when the levels in the two countries were analysed separately, however. Skin test reactivity and allergic symptoms were more common among Swedish than Estonian children, and they also more often had atopic parents (table 1) . Allergic symptoms were associated with low levels of endotoxin in dust from carpets (p<0.01, data not shown), but not from mattresses. The endotoxin levels were also lower in carpet dust from homes of skin prick test positive, as compared to negative, children (p<0.01, data not shown). The inverse relationship between endotoxin levels and atopic disease (fig 2) and sensitisation was only observed in Sweden, and not in Estonia. Furthermore, the endotoxin levels were lower in carpet dust from Swedish families with atopic parents than in families lacking atopic heredity (median levels 
Discussion
The endotoxin levels were lower in house dust from Sweden than the formerly socialist country Estonia. These findings support that Western life style is associated with a decreased overall exposure to microbial stimulation. Whereas the prevalence and severity of atopic diseases have increased in industrialised countries during the last decades [6] [7] [8] , epidemiological studies show a low prevalence of allergy among school children in Estonia [12] , Eastern Germany [10] and other countries in central and Eastern Europe [11] . Furthermore, living on a farm in industrialised countries during early childhood is associated with a reduced prevalence of atopic disease [13] [14] [15] [16] [17] . Such a life style may conceivably provide Th1 stimulating factors, e g from microbes [20] , to redress the foetal Th2 predominance [1] [2] [3] .
Endotoxin, the lipopolysaccharide component of the outer membrane of gram negative bacteria, is one such Th1 inducing factor, through its capacity to induce high levels of IL-12 [19] . Induction of the anti-inflammatory cytokine IL-10 by endotoxin [28] may also protect against the development of atopic disease [29] . In the Swedish part of our prospective study, low endotoxin levels in carpets, but not in mattresses,
were associated with atopic disease and sensitisation. The levels in carpets may reflect the general household endotoxin exposure better than the levels in mattresses.
Our results support the hypothesis that exposure to endotoxin during early life may stimulate the maturation of the immune system and thus protect against the development of atopic disease. There was no difference in endotoxin levels between atopic and non-atopic children from Estonia, however. This may possibly depend on the generally high endotoxin levels in Estonia, providing a maximal effect, leaving room for the influence of other yet unknown environmental factors.
The low endotoxin levels in Swedish families with atopic parents could lead to a false association between low endotoxin levels and atopic disease in the children. The differences in endotoxin levels between households with an atopic and a non-atopic child were still significant when adjusted for potential confounders, however. The reason for the low endotoxin levels in families with an atopic heredity could possibly be due to different cleaning habits or choice of dwelling.
The observed inverse relationship between atopy and endotoxin exposure may not be directly due to the exposure, but merely reflect less microbial stimulation in general. Other factors associated with such conditions, i e Toxoplasma gondii and hepatitis A seropositivity, are also less common among atopic adults [30] . It has been suggested that the immune system needs to be educated by a diversified, persistent and continuously renewed microbial stimulation in order to function properly [31] .
However, a direct effect of endotoxin on the allergic inflammation was recently observed in a rat model, showing that inhalation of endotoxin at the time of primary allergen exposure prevented IgE antibody formation, even in the presence of a Th2 promoting adjuvant [21] . Inhalation of endotoxin after sensitisation had occurred aggravated the inflammatory airway responses, however. Thus, while endotoxin exposure may augment an established allergic inflammation [32] , it may have a protective influence on immune development prior to disease onset.
It has been suggested that the negative association between development of atopic disease and early childhood exposure to pets [22] [23] [24] [25] could be due to increased microbial exposure rather than high dose tolerance induction. In our study, the endotoxin levels were similar in homes with and without pets, however, and the endotoxin and Fel d 1 and Can f 1 were only weakly correlated, in agreement with other reports [27] .
In conclusion, this prospective study demonstrated an inverse relationship between endotoxin levels at home and development of atopic disease and sensitisation during the first two years of life in Swedish, but not Estonian, children. The low prevalence of atopic disease in Estonia may, at least in part, be related to the high endotoxin levels in this country. The findings support that high levels of endotoxin, or other bacterial products with Th1-stimulating properties, might protect children from developing atopic disease. Table 1 . Characteristics of Estonian and Swedish children, who were followed prospectively for the first two years of life.
Five of the Estonian allergic children had atopic dermatitis only, one had atopic dermatitis and asthma, and three had asthma only. All 24 allergic Swedish children had atopic dermatitis, and five of them also had asthma.
Differences between the groups were compared with chi-square test for categorical variables, and with Mann-Whitney U-test for numerical variables.
*SPT and clinical data were missing from 4 Swedish children. 
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